The Patagonian weasel (Lyncodon patagonicus) is one of the least known carnivores from South America, and excluding some contributions, knowledge of it seems anecdotal. It is supposed to inhabit herbaceous and arid environments of Argentina and Chile. Here we assess the potential distribution of the Patagonian weasel both during the present and the Last Glacial Maximum (LGM). We also integrate some of this information, providing a historical and geographic analysis (both through ecological niche modeling and biogeographic schemes) of the distribution of L. patagonicus. We found 2 major core areas of distribution, 1 in northwestern Argentina and another in southern Argentina (i.e., Patagonia). Patagonian weasel distribution seems to be primarily related to cold areas with marked temperature seasonality and elevations below 2,000 m above sea level. From LGM to the present, we observed a major retraction in potential distribution areas that might indicate the existence of a vicariance process affecting Patagonian weasel distribution.
The chorological history of L. patagonicus might have been heavily affected by these glacial cycles, and the inclusion of novel techniques like predictive distribution modeling can help us reveal some of these changes. The basic goal of these techniques is to predict geographic areas that satisfy the species' environmental requirements through an ecological niche model (Phillips et al. 2004 ). The models aim to predict the occurrence of suitable habitat that might be occupied by a certain species (Franklin 2009 ) on the basis of the species' occurrence and recorded localities.
In this study, we aim to assess the potential distribution of the Patagonian weasel L. patagonicus both during the present and the LGM, linking the common factors between them and evaluating the principal features that might affect its geographical distribution. We also analyzed the species' distribution in a biogeographic context, from a regional to an ecoregional scale.
MATERIALS AND METHODS
The study region represents the southern portion of South America, particularly Argentina and Chile, although the potential distribution of the species was evaluated at a continental scale (i.e., South America). We visited the main mammal collections of Argentina: Fundación Félix de Azara, Ciudad Autónoma de Buenos Aires; Instituto Miguel Lillo, San Miguel de Tucumán; Museo Argentino de Ciencias Naturales ''Bernardino Rivadavia,'' Ciudad Autónoma de Buenos Aires; and Museo de La Plata, La Plata; to search for materials assignable to L. patagonicus. Specimens from Chilean collections were not analyzed and only their geographical coordinates were used. Apart from this, no other individuals from L. patagonicus are known to exist in Chilean collections and an internet search through MaNIS (http://manisnet.org/ manis/) yielded no specimens from the country. In addition, we searched the literature to obtain presence of actual and Pleistocene/Holocene localities of the species (see Prevosti et al. 2009 ). Localities without associated geographical coordinates were georeferenced with Global Gazetteer (http://www. fallingrain.com) maps, and plotted into a geographic information system (GIS).
The potential distribution of L. patagonicus was evaluated using the software MaxEnt version 3.3.3e (Phillips et al. 2004 ). This software was chosen because it performs better than other alternatives with ,100 records and presence-only data (Elith et al. 2006; Peterson et al. 2007) , and provides response curves for each environmental variable, representing how the MaxEnt prediction is affected by each variable (Moratelli et al. 2011) . Recent examples of the use of this software can be seen in Martin (2010 Martin ( , 2011 , Torres and Jayat (2010) , and Moratelli et al. (2011) .
We used 2 sets of environmental variables: one for the LGM (i.e.,~20,000 years before present) on the basis of the community climate system model (Collins et al. 2004 ) with a spatial resolution of 2.5 arc-min or~20 km 2 , and the other with climatic conditions from 1950 to 2000 and 30 arc-s of spatial resolution or~1 km2 (Hijmans et al. 2005a, www. worldclim.org). The 1st data set contains 19 bioclimatic variables derived from the Paleoclimate Modelling Intercomparison Project Phase II (see Collins et al. 2004 ). The 2nd data set contains elevation data; average monthly minimum, medium, and maximum temperatures; monthly precipitation; and 19 bioclimatic variables (Hijmans et al. 2005a ). We generated 4 basic models: including all Pleistocene/Holocene (fossil) records (model A); including only Holocene (fossil) localities (model B); including all recent (not fossil) localities (including ''historical'' records, model C); and including localities since 1950 (model D). The first 2 models (A and B) were generated with the LGM climate data, and the other two (C and D) with the actual/current environmental data set 1950-2000.
Ten replicates were performed for each model, with 25% of the localities used as training data, 1,000 iterations, random seed, and 10,000 background points. The cumulative output was selected and we assigned probability values of 51-100 (black), 26-50 (dark gray), 11-25 (gray), 2-10 (light gray), and 0-1 (white). Variable contributions were analyzed through MaxEnt's jackknife tests. We evaluated model predictions both with threshold-dependent and threshold-independent tests, using P-values of 1, 5, and 10; area under the curve (AUC), and the receiver operating characteristics, respectively (Phillips et al. 2004 (Phillips et al. , 2006 . Finally, we integrated all the data in a GIS using DIVA-GIS version 5.4 (Hijmans et al. 2005b) .
A further analysis was performed to somehow validate the generated models. For this, we extracted values of bioclimatic variables from the historical localities (not fossil) using the latest climatic database (Hijmans et al. 2005a) , and also extracted bioclimatic values from the LGM database using fossil localities. We then calculated the average for all points (i.e., localities) and plotted them together in Fig. 1 and Fig. 2 (see bioclimatic variable names in Appendix I). We observed the same pattern in both actual and fossil variables, indicating that the same variables affect the distribution of L. patagonicus, and thus, validate the models. Because the models containing fossil localities include a broad temporal sample (i.e., some are clearly younger, whereas others may be older than the LGM), we generated a 5th model in which the climatic parameters were changed according to climatic variation (of the modeled variables) between LGM and the present. This 5th model (E) was generated by projecting all historical records over a new actual data set that was modified according to parameters extracted from the LGM in the following way: we generated 1,000 random points with Arcview 3.3 (ESRI 2002) across South America to extract climate values from the 19 bioclimatic variables of the LGM data set; we then calculated the average of the 1,000 points for each variable and added or subtracted that value to the corresponding variable in the 1950-2000 data set. In this way, we obtained a new set of modified environmental variables that reflects changes between present day and LGM times. Last, each actual (not fossil) locality was assigned on a geographic basis to a particular ecoregion following Olson et al. (2001) .
RESULTS
Localities recorded for L. patagonicus are presented in Table  1 and Fig. 3 . Although 73 localities were listed, we were not able to assign an age (i.e., actual or fossil) to record 38 (2,000 m E of Puerto Pirámides, Fig. 3 ). The species' current (extant) geographic distribution extends from 25838 0 to 50801 0 S, and from 62815 0 to 72838 0 W. Marginal localities are Azul to the east, Alemanía to the north, and Puerto Prat to the south and west (boldface in Table 1 ). Of all the records, 94% (n ¼ 70) are from Argentina and only 4 are from Chile: 2 extant and 2 fossils (Table 1) . Interestingly, the southermost and westernmost record for the species is represented by 1 locality in southern Chile (Puerto Prat, locality 8, Fig. 3 ). Taken in equal periods of 35 years, 50% of the extant records for L. patagonicus are concentrated in the period from 1977 to 2012 (Table 1) .
Potential distribution models are presented in Fig. 4 . Models A (n ¼ 15) and B (n ¼ 20) generated with fossil records and LGM environmental data show an area of high prediction (black shading, Fig. 4A ) that covers most of La Pampa, Neuquén, Río Negro, and Chubut provinces, southern and western Mendoza Province, and eastern Santa Cruz Province. This area extends into northern Chile through the western portions of San Juan, La Rioja, and Catamarca provinces in Argentina, and also includes much of the continental platform that is now under water, but was probably emerged in its majority during the LGM (Rabassa et al. 2005; Figs. 4A and 4B) . From model A to model B (Pleistocene/Holocene to Holocene) a major reduction in levels of prediction in central and southern Buenos Aires Province and western Córdoba Province is shown (black arrows in Fig. 4B ).
Both models with extant records (C and D) show a similar pattern, with a reduction in total area from the model with all records (n ¼ 52) to the one with records after 1950 (n ¼ 35), at all levels of prediction (Figs. 4C and 4D, respectively) . Table 2 . Ten variables contributed most to both LGM models, with 98.1% in model A and 97.8% in model B. Nineteen and 17 environmental variables contributed the most to the models with extant records, 91.9% in C and 89.1% in D. One variable (mean temperature of the coldest quarter) contributed .60% in both LGM models (64.1% in A and 60.3% in B), whereas 2 variables (temperature seasonality and October precipitation) contributed .50% to the models with extant data (61.7% in C, 57.9% in D). The other variables, with smaller contributions, were related to minimum temperature of coldest month and precipitation taken by quarters in the LGM models (A and B), and elevation and winter/late fall minimum temperature and precipitation in the models with extant data (C and D, Table 2 ). Variables containing information not present in the remainder were mean temperature of coldest quarter in model A, precipitation seasonality in model B, and altitude in models C and D. Other jackknife tests (i.e., using test gain instead of training gain, and that using AUC) show only one variable (minimum temperature of the coldest month) as the most important in LGM models, and temperature seasonality, November precipitation, and annual precipitation as the most important variables in C and D models, whereas altitude was the variable containing information not present in the remainder (Table 2) . All 4 models showed better predictions than those randomly generated at cumulative values of 1, 5, and 10, with high AUC values: A ¼ 0.948 6 0.055 (SD), B ¼ 0.973 6 0.013 (SD), C ¼ 0.949 6 0.009 (SD), D ¼ 0.959 6 0.018 (SD), Table 3 .
Model E shows a similar pattern to model C (Fig. 5 ). Patagonia and northwestern Argentina show extended areas at all levels of prediction; the same is true for a small area in southern Buenos Aires. Major changes are observed in temperature-related variables, indicating that cooler conditions might allow a broader distribution of L. patagonicus. With an AUC value of 0.935 6 0.015 (SD), and as with models C and D, temperature seasonality contributed the most to the model (65.9%), followed by precipitation of warmest quarter with 7.7%. Table 1 ). Inset represents fossil localities. Each number belongs to ''locality number'' in Table 1 .
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In a biogeographic context, extant records of L. patagonicus are mostly concentrated in the Andean region (n ¼ 28), Patagonian subregion (n ¼ 25) sensu Morrone (2001) Fig. 6 ).
DISCUSSION
The Patagonian weasel is distributed from Salta (Argentina) to the southern portion of continental South America, with most localities being found along western Argentina (Fig. 3) . Several records from eastern localities throughout its central   FIG. 4. -A) Potential distribution models for Lyncodon patagonicus using Pleistocene/Holocene (fossil) localities (white triangles), B) using only Holocene (fossil) localities (white hexagons), C) using all actual (not fossil) localities (white circles), and D) using those (actual) recorded after 1950 (white squares). Probability values are 51-100 (black), 26-50 (dark gray), 11-25 (gray), 2-10 (light gray), and 0-1 (white). Important changes are marked as selected areas (see ''Results'').
distribution (e.g., Buenos Aires Province) are from the late 1800s or early 1900s and the species is likely to be absent from the area today (see ENMs, and also Prevosti and Pardiñas 2001) . Some areas have a concentration of records (e.g., Chubut and Tucumán provinces), which might reflect the work of different scientists/research groups (e.g., Olrog 1976) .
From a historical perspective, an increase of 50% in the species' known localities occurred in the last 35 years . In contrast, for over 70 years the species was known from fewer than 15 localities scattered mostly throughout its current known range (Table 1, Fig. 3) . Following a similar pattern, fossil records were scant and concentrated in the north of the species distribution, with a 70% increase (n ¼ 14) since 2001 (Table 1) , reflecting an increase in paleontological work in eastern Chubut and Buenos Aires provinces. Fossil records of L. patagonicus with good stratigraphic data come from the Lujanian (125-4.5 ka), one of them close to the LGM (Camet Norte), whereas a specimen from Lujan (Buenos Aires Province) was collected in the ''Pampeano Lacustre'' of Ameghino and its age could be assigned to a broad period between 73 and 12 ka (Prevosti and Pardiñas 2001; Toledo 2011) . Other Pleistocene specimens lack enough chronological information, something that occurs with some Holocene specimens as well (see Prevosti and Pardiñas 2001) . The presence of L. patagonicus during the late Pleistocene in the east of Buenos Aires Province, beyond the historical range of this species, was associated with the existence of colder and drier climates on the basis of the evidence revealed by other mammals and other biotic proxies (see Prevosti and Pardiñas 2001; Prevosti et al. 2009 ). The same could be said for the Holocene records from northeastern and southern Buenos Aires Province, which are also associated with a fauna that represents evidence of drier weather (Prevosti and Pardiñas 2001; Quattrocchio et al. 2008) . In sum, fossil evidence indicates that the presence of L. patagonicus during the Late Pleistocene-Holocene in eastern Buenos Aires Province, where it has been absent since historical times, is related to the presence of drier climates, in agreement with the models presented herein. The 4 models generated represent the 1st attempt to analyze the potential distribution of a rare ''Southern Cone'' endemic carnivore, and is also the first for a South American carnivore using fossil records. Although potential distribution in models A and B might have some bias due to some differences between ages between localities and the temporal database (i.e., LGM), we believe that these models are a reasonable representation of the distribution of L. patagonicus, both extant and fossil. In this respect, variable contributions of the models show that the same variables influence the distribution of the Patagonian weasel at continental scale. A general trend can be observed when analyzing the models in a historical FIG. 5.-Potential distribution model E, using all actual (not fossil) localities (white circles) and a modified climate data set (see ''Materials and Methods''). perspective, from LGM to 1950 (Fig. 4) : a shift from an eastern, highly continuous distribution (Fig. 4A ) to a western, highly patched distribution (Fig. 4D) . This is true for high-(black shading) and medium-prediction areas (dark gray shading), and to a lesser extent to the areas with low prediction values (light shading) (Fig. 4) . These patterns could be indicating a retraction in the distribution of L. patagonicus from times of the LGM (i.e., vicariance), a process that has increased in the past century as shown when data from 1950 are used to generate the model (Fig. 4D) .
Although potential distribution in models A and B seems to be overpredicting large areas (especially for high prediction values), many of the observed patterns can be explained by climatic conditions of that time. The shift from west to east, far from the Andes Mountains, might be explained by vast glacial extensions covering such areas, and the presence of extreme climatic conditions typical of periglacial environments (Rabassa et al. 2011) . Also, a drop in sea level of 100-140 m during glaciations exposed much of the continental platform, adding substantial surfaces that were occupied (or susceptible of being so) by the biota, including L. patagonicus (Rabassa et al. 2005) . Even more important, during glaciations a displacement in oceanic anticyclones might also have occurred (Rabassa et al. 2005) . So, the Pacific anticyclone moved northward, and (recent) La Pampa and Buenos Aires provinces were affected by the influence of ''westerlies'' (cold and dry winds- Rabassa et al. 2005) . In other words, the limits of climatic conditions typical of Patagonia (cool and dry, westerly winds, and moderate temperature) extended toward the northeast, covering the entire Pampa region (Iriondo and García 1993 ). Due to the sea level drop, areas of what today is Buenos Aires and eastern La Pampa provinces would have experienced a more extreme continental-like climate (i.e., with higher thermal amplitude), away from the oceanic influences of modern climate. In the context of the distribution of L. patagonicus, this is corroborated by the presence of fossils of this species in the area (inset in Fig. 3) .
The 2 models with recent (i.e., not fossil) data show a large high-prediction area in west-central Patagonia (Figs. 4C and  4D) , and other minor high-prediction areas that appear scattered in western Argentina from~278 to 368S, and another small area in Chile from approximately 358 to 388S. As pointed out above, these areas are reduced in model D (Fig. 4D ), appear discontinuous, or have shifted from high (black shading) to medium (dark gray) prediction values (e.g., area C, Fig. 4D ). Contrary to this, the area of central Chile (area B, Fig. 4D ) with medium prediction values has shifted to high prediction values in model D, and a medium-/medium-lowprediction area appears north of this one, reaching the border between Chile and Perú at approximately 258S (Fig. 2D ). This shift in potential distribution is consistent with projections of climate change for central Chile, which shows an increasing aridity in the area (Watson et al. 1998 ).
Both models with extant data (Figs. 4C and 4D) show the same geographic areas with high probability of occurrence, although model C seems to overpredict some geographical areas by the inclusion of ''historical'' localities, such as those present in Buenos Aires and La Pampa provinces (Fig. 3 , Table  1 ). Following this, a high-probability area is shown in southern Buenos Aires Province, though the intense human-driven modifications and an increase of precipitation in this region during the last 100 years makes the occurrence of L. patagonicus in the area quite unlikely (see Prevosti and Pardiñas 2001) .
The models generated with extant localities show 2 areas diffusely connected (or separated) at 35-368S (dashed lines, Figs. 4C and 4D ). These are coincident with the supposed distribution of the 2 subspecies that have been recognized for L. patagonicus: L. p. thomasi Cabrera 1929 and L. p. patagonicus (de Blainville 1842) for northwestern and southern subspecies, respectively. Clearly, a detailed morphological and taxonomic study is needed to clarify the status of the named subspecies.
The environmental variables that appear to have the greatest influence on the potential distribution models are mostly related to minimum temperatures of the coldest months and, with smaller contributions, precipitation and elevation (Table  2) . When environmental variables are compared between the models, a trend in which temperature-related variables represent a smaller percentage of the total predictions can be observed, from 82% in model A to 55.2% in model D. Contrary to this, a small increase in the contribution of precipitation-related values can be observed, with a maximum of 18.6% in model D. Birney and Monjeau (2003) and Monjeau et al. (2009) indicate minimum temperatures as the highest determinant of species distribution in a South American context. The latter reference also relates minimum temperatures with energy availability per area. Although the distribution of L. patagonicus seems to be primarily related to minimum temperatures, elevation and precipitation also play an important role. Jackknife tests show temperature and precipitation variables as the most important, with altitude as the most important variable containing information not present in the others. In this way, cold areas with marked temperature seasonality, spring precipitations, and altitudes below 2,000 m above sea level (asl) appear to be the best suited for the distribution of L. patagonicus (Table 2) .
Recent localities are not distributed evenly, with only two of them from Chile and the rest from Argentina, mostly in Patagonian Steppe environments, followed by High Monte and Dry Chaco (sensu Olson et al. 2001) . These 3 ecoregions receive less than 700 mm of annual precipitation and are structurally composed of shrubby steppes or dry forests (Burkart et al. 1999) , which mostly agrees with previous works that depict the Patagonian weasel as an inhabitant of cold and dry areas (Prevosti and Pardiñas 2001) . Both highprediction areas in models C and D (Figs. 4C and 4D ) are partially coincident with the extension of 2 ecoregions (sensu Olson et al. 2001) . The 1st area is mostly coincident with the High Monte and, on a lower prediction level, with western parts of the Dry Chaco ecoregions. The 2nd area extends throughout the southern provinces of Argentina, from southern Neuquén, west and central Río Negro and Chubut provinces, to central Santa Cruz, all along the Patagonian Steppe ecoregion. This area is strongly affected by dry winds from the South Pacific anticyclone and low mean annual temperatures of 5-108C (Manzini et al. 2008) , in coincidence with the environmental variables shown to be the most important determinants of the ENMs (see above). It is important to point out that areas with high probability of presence in southern Argentina seem restricted to this biome (i.e., Patagonian Steppe), avoiding areas of the Low Monte ecoregion (Fig. 6) . However, the absence from this ecosystem might be due to a lack of shrubby steppes and the predominant sagebrush (jarillal) dominated by Larrea spp. (Roig-Juñent et al. 2001) .
Areas above 2,000 m asl show very low prediction values, probably representing real natural barriers to the dispersal of L. patagonicus.
In our study, we aimed to predict areas that satisfy the species' environmental requirements through ENM (Phillips et al. 2004 ). However, animal distribution is also affected by interspecific processes such as competition and predation (Krebs 1985; Palomares and Caro 1999) . According to published information, L. patagonicus appears to be sympatric with the lesser Grison (Galictis cuja), at least at a regional scale (Yensen and Tarifa, 2003) . During our study, we found both species to be partially sympatric throughout their range and syntopic in only 1 locality (sensu Rivas 1964); the latter term seems to be more appropriate for describing interactions at a smaller scale (i.e., those that should influence the distribution of L. patagonicus at a habitat level). Unfortunately, no information on species density or other ecological aspects that might affect populations at this scale is available, which makes any analysis on the relationships between G. cuja and L. patagonicus highly speculative. Ongoing work on skull shape morphometrics shows partial overlap of skull and mandible shape of these species (M. I. Schiaffini, pers. obs.). However, niche overlap might be avoided by size differences (see Yensen and Tarifa 2003, Prevosti et al. 2009 ). Field studies should provide complementary information to test for niche overlap and other ecological aspects of these poorly studied species. Until then, very little can be said in relation to how these small carnivores interact.
Although records of L. patagonicus extend from northwestern to southern Argentina along more than 2,500 km, potential distribution models show that the species distribution is concentrated in 2 areas, one in northwestern Argentina between approximately 23830 0 and 358S, and another in Patagonia between approximately 378 and 468S. Further analyses using other approaches (e.g., molecular) could shed some light on the structure (if any) of the species population throughout its range. Temperature seasonality and minimum winter temperatures, together with elevation and spring precipitation, seem to be the greatest determinants of the species geographical distribution. The inclusion of LGM models allowed us to infer its past distribution, and strengthens the idea that L. patagonicus inhabits cold and dry areas, such as those that were during the Pleistocene and parts of the Holocene in what today is considered Pampas sensu lato. The extension of Patagonian climate during glacial periods is supported by loess deposits in the Pampas region (see Rabassa et al. 2005) ; fossils of the species studied herein, which are actually absent from this area, support this shift. The novel techniques implemented in this work allow us to infer that L. patagonicus is experiencing a retraction in distribution area. This can be related (at least broadly) to the species being affected by glacial cycles that occurred in Patagonia during the Late Quaternary, spreading during these periods to eastern areas, and retracting during interglacial periods to western portions of South America. This has direct implications on the conservation of this rare carnivore.
RESUMEN
El Huroncito Patagónico (Lyncodon patagonicus) es uno de los carnívoros menos conocidos de Sudamérica, y excluyendo algunas contribuciones, su conocimiento parece anecdótico. Se supone que habita ambientes áridos con vegetación herbácea de Argentina y Chile. En el presente estudio evaluamos la distribución potencial del Huroncito Patagónico durante el presente y elÚltimo Máximo Glacial (UMG). Para ello integramos información proveniente de análisis históricos y geográficos (Modelado de Nicho Ecológico y esquemas biogeográficos) de la distribución de L. patagonicus. De esta manera obtuvimos dos grandes áreas núcleo de distribución para la especie, una en el noroeste de Argentina y otra hacia el sur de Argentina (i.e., Patagonia). La distribución del Huroncito Patagónico parece estar relacionada en primer lugar con áreas frías de marcada estacionalidad térmica y altitudes por debajo de los 2000 m.s.n.m. El modelo generado indica que desde el UMG hasta el presente, hubo una mayor retracción en las áreas de distribución potencial, lo cual podría indicar la existencia de un proceso de vicarianza que afectó la distribución del Huroncito Patagónico.
